Plant pathology is about diseases of plants caused by infectious agents such as viroids, mycoplasmas, viruses, bacteria and fungi and, to a far less extent, by non-infectious agents such as aerial pollutants. Almost always, the diseases studied have been and are of economically important higher plants, and in contrast to medical and veterinary pathology, plant pathology covers all aspects of disease including control. Its scope, therefore, is unusually large, even for a biological discipline, ranging from the molecular, biochemical and physiological analyses of interactions between plants and the disease-causing agents, at sub-cellular and cellular levels through intermediate stages to the study of interactions at whole organism levels in populations of crop or wild plants. These latter were JOHN RISHBETH'S main interests whereas mine were at the other end of the scale. However, I did have an interest, albeit secondary, in biological control of plant diseases, a field in which John became an international authority. So I followed closely his work on biological control of soil-borne pathogens and also his studies of the biology and ecology of these pathogens upon which his methods of control were so firmly based. Thus I accepted with great pleasure the invitation to write about John Rishbeth despite the fact that I am far removed from forest pathology and thus, perhaps, less well placed than others to pay full tribute to his outstanding research in this field. John's father, Oswald Henry Theodore Rischbieth was bom in 1886 at Mount Gambier, South Australia, the son of a merchant from Hanover, Germany. He changed his surname to Rishbeth during World War I, in which he served as an Intelligence Officer, both to simplify the complex spelling of the name and to make it more appropriate at that time.
In 1953 soon after returning to Cambridge from Jamaica, John was appointed Lecturer in Botany and in 1973 was appointed Reader in Plant Pathology, a post held until he retired in 1984. But retirement was not to curtail his research at Cambridge where he was given laboratory space at the Field Station, Storey's Way and worked assiduously until his first, last and only serious illness, cycling for seven miles daily from and to his house.
In 1953, John Rishbeth succeeded W.J. Dowson whose main interest had been in bacteria as pathogens of higher plants. He took over his lectures on bacterial diseases and also lectured on other aspects of plant pathology related to his special interests. He was a lucid, enthusiastic and dedicated lecturer with the rare gift of conveying to students his neverfailing wonder and delight with the complexities of nature.
F e l l o w sh ip o f C o r pu s C h r is t i C o l l e g e , C a m b r id g e John Rishbeth became a Fellow of Corpus Christi College, Cambridge in 1964. His close friends within the Fellowship have written to me most warmly about his gentleness of manner, particularly in his relations with students. John was somewhat diffident at meetings but when sufficiently motivated, he gave firm opinions on subjects about which he felt strongly. He much enjoyed being the Fellow in charge of the College gardens and in exercising his flair for designing gardens. He got on well with the staff of the gardens who talk of him with great affection. A rosebush is planted in his memory in a beautiful part of the College.
Corpus Christi has an arrangement, unusual among Cambridge Colleges, whereby about a third of its Fellows are elected for their research and are not required to teach undergraduates. These Fellows are expected to associate closely with postgraduate members of the College who live in a large complex called 'Leckhampton' set in some 10 acres of grounds about a mile from the 'Old House'. John was elected under this arrangement and became much involved in the life at Leckhampton with its own dining room for dinners during the week and a range of activities at the weekend. For this and other reasons, he became well known and admired by the whole of the Fellowship and particularly by an elderly Fellow* Archie Clark-Kennedy who shared John and Barbara's love of hill walking. Approaching infirmity, Archie faced the prospect of only one more walking trip in Scotland. John arranged and joined Archie on this trip, made an excellent photographic record of it which he presented to Archie when he was their guest a few weeks later on a happy and fittingly nostalgic occasion which well reflected John's role in the communal life of the College to which he was so devoted. W o r k w i t h t h e F o r e s t r y C o m m i s s i o n As described in the next section, John Rishbeth's links with the Forestry Commission (FC) were established by Professor F.T. Brooks, F.R.S. who introduced him to the problem of Fomes root rot in the extensive FC plantations of Thetford Forest. During his Ph.D. research, which he completed in 1948, John worked on his own, but following his return to Cambridge from Jamaica in 1951, he was much encouraged in his further work by support from George Backhouse, the Conservator for East England from 1949 to 1971, who recognized the importance of John's research and made sure that FC staff provided suitable sites for his experiments. Assistance was also provided. Many Forest Officers recall helping with felling and stump-labelling for John while they were students at the FC training school at Lynford Hall. From this time onwards, he also worked closely with the forest pathologists of the Commission's Research Division. Tom Peace, who subsequently became Chief Research Officer, realized the wide implications of Rishbeth's work and instigated a major programme of long term field experiments on Fomes annosus in the mid-1950s. This work was largely carried out by Peace's assistant John Low, who quickly found that Rishbeth's findings on pine in East Anglia also applied to spruce and other species in conifer plantations throughout Britain. John Rishbeth's recommendations for disease control using stump treatment were pioneered by Backhouse in Thetford Forest, and were subsequently adopted by the FC for all their conifer plantations in the U.K. Chemicals such as sodium nitrite were used in the main, but biological control with Peniophora gigantea was introduced in the pine-growing areas. The Commission regarded John's work on the techniques of control as a major contribution to forest management, judging that, had they not been applied, losses caused by Fomes annosus would have been very substantial. In recognition of their debt to John, at a ceremony held in March 1985 at Thetford Warren, the Director General of the FC, Mr George Holmes dedicated 40 ha of mixed pine, larch and beech as Rishbeth's Wood. Barbara unveiled a plaque at the entrance to the wood, John planted an oak tree and a pine was ceremonially felled and the stump treated with P. gigantea. Mr Holmes recorded that this was the first time that the FC had named a wood after an individual and that it was hard to think of any better way of commemorating John's work and contribution to forestry in the U.K.
O t h e r r e s e a r c h a n d r e l a t e d w o r k John Rishbeth was somewhat unusual among plant pathologists, in being so interested in, and in knowing so much about the flora of higher plants in their natural habitats. So far as I know, he did not publish on diseases of wild plants but his earliest paper was on work done while still an undergraduate on the flora of Cambridge walls based on his observations during 1937 to 1940. It was sufficiently good to be published in the Journal o f Ecology. This was an exceptional achievement for an undergraduate. His work was much more than a simple record of occurrence because this was analysed in relation to many factors such as type of material and weathering of walls, position and supply of water and orientation, pioneering by lichens and mosses and formation of humus for later colonization by higher plants; and he compared his list of 178 angiosperms, 32 bryophytes, 7 pteridophytes, 6 algae and one gymnosperm with lists from walls elsewhere in the U.K. and in Poitiers, France. I found this among the most interesting of his publications and it led me to ponder as to the circumstances that diverted him to plant pathology. But then I recollected his work on plant diseases was, essentially, ecological. John did similar work while in Jamaica for his research on Panama wilt of bananas, recording the flowering plants and their positions along the side of Newcastle Road (St Andrew, Jamaica) at different times in 1951 and 1952, over some 20 miles, in seven successive sections at altitudes from about 1000 to 4000 feet. He identified no fewer than 340 species but still warned that the record did not include members of the Gramineae, and also was not representative of other monocotyledons. Lesser mortals would have been reasonably satisfied with 340 other species. Also, he recorded many details about the habitat which could bear on the location of the species in different parts of the road, especially altitude and rainfall. The formidable amount of work summarized quite briefly in this paper reflected John Rishbeth's energy and enthusiasm for research, all the more because the task of collecting, recording and identifying had to be in the intervals, so to speak, between his main work on bananas.
Besides his predominant interest in soil-borne fungal pathogens, John had a secondary interest in bacterial pathogens of plants which may have derived from his war work as a bacteriologist in the Ministry of Food, Cambridge. Some of this work was described in a paper in which he assessed the variables that had to be controlled in using plate counts to determine numbers of bacteria on dehydrated vegetables. So far as I know, he did not record in published papers any of his own research on bacterial diseases of plants but a few of his research students worked on certain diseases under his supervision and published independently the results of their research on Xanthomonas malvacearum, bacteriostasis in potato tubers, and bacterial canker and bacterial wet wood of poplars.
Finally, there was his interest in the use of air photography in recording incidence of plant diseases in the field and particularly in forest and plantation crops when large areas had to be surveyed to assess current and potential losses. He used his own photographs of disease in plantations of Scots and Corsican pines to illustrate the value of aerial surveys.
John Rishbeth wrote several good reviews of his and related research. If these were fewer than expected, this reflects his preoccupation with original research and the fact that his friend, Denis Garrett, did such an excellent job in bringing the significance of Rishbeth's work before a wider public.
For someone with his singular achievements in plant pathology starting with the success first of his Ph.D. research, then continuing until his retirement, particularly in biological control which so many young pathologists find attractive, it is perhaps surprising that John had comparatively few research students. He was unusual in that with the odd exception, he was the only author of his publications. This partly reflects his dedication to his own research and partly his conviction that the work of his students be judged on its own merits. In the Cambridge tradition, he did not put his name on his students' papers. Therefore, the record of his own publications understates by a good margin his contribution to research in forest pathology.
Professor 
V i s i t s o v e r s e a s
In the light of his high status in plant pathology, the nature of his research and its importance in the many countries in which forests are much more important in the economy than they are in the U.K., it is surprising that John Rishbeth did not travel much more than he did. But with Barbara, he did spend profitable and happy leaves of absence, in 1967 
Fomes annosus -biology and epidemiology on forest trees
After war service, John Risbeth returned to Cambridge and at the suggestion of Professor F.T. Brooks, F.R.S. started his research on the fungus Fomes annosus (now called Heterobasidion a n n o s u m ) which was causing serious losses in some FC plantations in East Anglia of young conifers on former woodland sites, and in older trees planted on former arable land. It was well known on older trees in other countries, and was known to be widespread in the U.K. but the East Anglian outbreaks were unusually severe and were seen as forerunners of crippling losses of established trees in the many large conifer plantations throughout the U.K. This was a formidable problem for his first substantial research; it was intrinsically and technically difficult with little earlier research relevant to the disease in East Anglia. John's research over the next few years was remarkable in scope, scale and originality and the more so as the pioneering research of a young man, essentially independent but with advice and encouragement from two distinguished plant pathologists, Professor Brooks and from Dr S.D. Garrett (later Professor, F.R.S.), already distinguished for his research on soil-borne pathogens. The early research on F. annosus was the foundation of the sustained research on this and other soil-borne pathogens, especially of forest trees, which established him firmly among the leading forest pathogists of the post-war period. By analysing outbreaks of disease in East Anglian plantations and the ecological status of the pathogen, he found that young trees on former woodland sites were killed from the start of planting, and in areas replanted after fires. But on former arable or heath sites disease occurred only after felling, when it could be devastating after thinning of young plantations, with trees dying in groups up to 30 yards across. F. annosus was readily isolated from the border between healthy and diseased tissue in diseased trees at each site investigated, and also from stumps of conifers, of birch and oak, and even of gorse (Ulex europaeus). Healthy roots became infected only after contacting infected roots, and trees were killed after their roots had become infected from roots of stumps; the killed trees then became sources of infection of adjacent healthy trees. The fungus grew little if at all on to litter or other natural substrates from roots inoculated with and colonized by F. annosus unless other micro-organisms were killed by heat sterilization, in line with observations that F. annosus was never found growing into soil even from heavily infected roots. Therefore, soil-bome mycelium of the pathogen was not important in infection of roots. This explained the rarity of the pathogen in plantations on former arable or heath sites until after trees had been felled, and why the pathogen did occur in roots of wind-blown trees in thinned but not in un-thinned plantations. The fungus grew vigorously from inocula on to unsterilized roots taken from alkaline soils but only poorly on roots from acid forest and health soils. This poor growth was associated with abundant growth of the common soil fungus Trichoderma viride and explained why F. annosus was frequent on diseased roots in alkaline but not in the acid soils in which T. viride was common. Many strains of T. viride first overgrew and then killed the pathogen in culture but not below 10°C. Toxicity of cell free extracts of T. viride cultures showed that the antagonism to the pathogen probably depended on the antibiotics then being studied by Dr P.W. Brian (later Professor, F.R.S.). Several fungi, notably T. viride and the basidiomycete Peniophora gigantea found in decaying pine stumps, were antagonistic to and replaced the pathogen in inoculated pine roots. This early work on antagonism of other fungi in tree stumps became the basis of an efficient method of controlling the pathogen in plantations.
Rishbeth next studied the role of spores in infection of stumps. F. annosus is unusual in producing asexual conidia freely in culture, but he rarely found them in natural habitats. In contrast sporophores (fructifications) are produced throughout the year on stumps and dying trees when the humidity is sufficiently high, and discharge spores (basidiospores, ballistospores) continuously except in severe frost and very dry spells. Spores germinate readily in high humidity on freshly cut pine wood; they remain viable for many weeks in the dark but die quickly in sunlight. Small pine stumps in plantations were readily infected by spores applied immediately after felling, either in water or in sawdust. The pathogen colonized stumps on former arable or heath land within a few weeks thinning, grew downwards in the wood to soil level and then outwards into lateral roots at about a metre a year, and thus spread readily between trees spaced at the usual planting distance of 1.4 metres. Full colonization of roots took several years; the fungus could persist for 15 to 30 years in large stumps, and in lateral roots much longer in alkaline than in acid soils. Infection of stumps was greatly decreased when cut surfaces were covered with creosote or paint. Cut surfaces remained susceptible to infection only for a few weeks and susceptibility varied with time of felling during the year and with site. Adding spores of Peniophora gigantea, commonly found in stumps, to inocula eliminated the pathogen from stumps within three months; other fungi were less effective.
Rishbeth next studied the parasitic phase in which living roots became infected from stump roots after felling. Any part of a healthy root might become infected. Fewer roots were infected in acid than in alkaline soils; infection rates decreased with increase in time after felling, and more rapidly in acid soils. The role of competing fungi was clear in stumps and in roots, particularly T. viride, Torula lignipeda and various 'blue-stain' fungi; competition was more effective in acid than in alkaline soils. The pathogen passed directly from bark of infected roots to bark of healthy roots and persisted longer in roots before it was replaced by other fungi, and with much less production of resin. After killing branch roots, the pathogen entered the bole and then main roots before killing the tree and later spreading to nearby healthy trees, again more frequently in alkaline than in acid soils. Roots resisted infection by production of resin and by cell division, both more in alkaline than in acid soils. Resistance increased with age; after 15 years few trees were killed because roots become more resistant. In experimental infections, other fungi had replaced F. annosus in inocula which failed to infect. Roots severed from boles were much more readily infected than were attached roots; so were roots of suppressed (growth) trees.
From this experimental work and acute observations in East Anglia, Rishbeth established the importance of age of trees, time of felling, the unimportance of water logging, the role of surface organic matter in decreasing infection and, above all, the critical role of the soil microflora and particularly Trichoderma viride in acid soils in decreasing incidence of infection. These findings and his pioneer research on infection of stumps by air-borne basidiospores comprised much of what there was to be known about Fames annosus as a dangerous pathogen of pines in East Anglia. In its variety, perception and achievements, the research was outstanding by any standard; it was the more so as the first research of a young man in his mid-twenties. But now there was a break when in 1951, Rishbeth left Cambridge for research on Fusarium wilt of bananas in Jamaica. He was to return within a few years for further research on the biology of F. annosus. He found that severe damage most often followed thinning in young plantations of pine and of Larix europea and Pseudotsuga taxiflora. Also, that rack-cutting (to give access) with its continuous rows of stumps, felling of large areas, and culling of poor trees gave many stumps from which adjacent trees became infected. F. annosus also infected a number of hardwood trees such as birch. Spores of F. annosus, and of Peniophora gigantea were counted after trapping on sections of pine stem or on muslin. The muslin method was novel. He stretched pieces on a metal frame carried on his car which was then driven along a given route (transect) during which the muslin trapped spores which were later washed on to agar plates on which colonies developed. In this way he found that spores were common in the air spora of the U.K.; they were found even in the Shetlands some 200 miles from any source. Deposition rates were as high as 20 spores of F. annosus per 100 cm2 per h. Spores were also readily collected from surfaces of conifer leaves. This prevalence of spores, often far from sporophores, meant that stumps everywhere in the U.K. are exposed to infection. By 1957, John had shown for F. annosus and pines in E disease depended critically on frequency and density of stumps, their liability to and the persistence in them of infection from basidiospores in competition with other fungi, and that attack of healthy trees from the fungus in roots spreading from stumps was controlled by susceptibility as affected by species, age, soil type and pH, climate and activity of the soil microflora. He also defined the best ways of surveying incidence and progress of disease over large areas and its severity within plantations.
Concurrently with this work on the biology of the pathogen, John was exploring and developing methods of controlling in plantations by preventing infection and colonization of stumps
Fomes annosus -control o f disease in pines
There are four ways of controlling diseases of higher plants caused by micro-organisms, by fungi in the present context. The best when available and effective is by growing forms of a plant resistant to the pathogen, by selecting from existing forms or from new forms produced by plant breeding. The method has been highly successful for many annual, or other short term crops. But there are formidable problems in controlling diseases of forest trees such as are caused by F. annosus, chief being the very long time, usually decades, needed to confirm the effectiveness of resistance during the commercial life of the tree, in the face of the possibility that new forms of the pathogen will appear against which the resistance is ineffective. Selection and breeding are also much more difficult. In another method called cultural, a susceptible plant is grown so as to decrease incidence or severity of infection, or both. John showed that certain practices proposed earlier by others were unlikely to be sufficiently effective, such as trenching to isolate stumps and lateral roots, selective thinning to improve growth and resistance, removal of surface litter and increasing soil pH which is likely to increase and not decrease disease, and fallowing before planting. John did recommend mixed planting to decrease contact between pine roots, and delaying thinning and rack-cutting and thus decreasing numbers of stumps. Removal of stumps which would be effective almost always would be too expensive.
In the third method, chemicals are used to decrease numbers of inocula of the pathogen in the environment near the plant, to prevent growth of the pathogen on, and infection of the plant, or to decrease disease after infection. This was one of Rishbeth's main lines of research on control; his first experiments were reported in his second paper (1951). Then and later, he applied chemicals to cut surfaces of stumps immediately after felling to prevent infection from air-borne spores or growth of the pathogen after infection. Creosote was very effective if enough of the right type were applied at the best time to counter effects of wound resin and stop penetration of spores into tracheids between felling and application. Successful control in early experiments led to the large scale use of creosote in Forestry Commission plantations, first in East Anglia and then elsewhere in the U.K. This reflected the high regard of the FC for Rishbeth and the relevance his work in limiting potentially devastating losses in their plantations. But he was also aware of the disadvantages of creosote, its poor penetration into stumps, the elimination of potential antagonists, the durability of treated stumps which remained available for infection, and the exposure of inner tissues as treated surfaces dried. Such problems led to testing other substances such as ammonium sulphamate, urea and sodium octaborate; each greatly decreased infection of stumps and had certain advantages but none was good enough to replace creosote in general use although they were better in allowing more rapid colonization of stumps by antagonistic fungi. Later work with which he was closely associated, led to the large scale use of sodium nitrite despite the disadvantage of its toxicity to animals.
Rishbeth finally explored the fourth method, biological control based upon competition in the association between pathogens and other micro-organisms (antagonists) before, and during infection, and much less often, after infection. This competition causes some natural control of most disease. This when insufficient may be increased to useful levels by changing conditions to favour indigenous antagonists, by adding more of those already present, or others that may be better. Such antagonists essentially replace chemicals that might otherwise be used. Early work by D.S. Meredith and Rishbeth had shown that the basidiomycete Peniophora gigantea competed successfully with F. annosus in colonizing stumps naturally, or after they had been treated with chemicals. P. gigantea is a prolific fungus causing a white rot of wood as a saprophyte, but it is only a weak pathogen of healthy trees. Natural control by P. gigantea was too erratic to be relied upon, so John explored direct control with various antagonists finally selecting P. gigantea because it more rapidly eliminated F. annosus from stumps, grew rapidly and produced asexual spores (oidia) abundantly in culture, and infected stumps as readily as did basidiospores. Sporophores were common in nature so there was little or no danger to the environment in using oidia to inoculate stumps. They were obtained from wood block cultures, applied in water to cut surfaces of stumps to give excellent control of F. annosus competing well with other micro organisms. It also prevented growth of F. annosus into stumps from roots inoculated soon after felling. Chemicals did not do so, and did not improve control with the antagonist. He established the advantages of direct use of P. gigantea as an alternative to chemicals by adding sucrose, talc and sodium carboxymethylcellulose to dense suspensions of oidia to form tablets in which spores remained viable for some months. The tablets were used to prepare suspensions in water containing a dye which could be applied to stumps to give control, so promising that by 1973 some 62,000 ha of pine plantations were being treated during thinning at a cost of only about lp each stump. Later it became the first antagonist registered by the U.S. Environmental Agency for biological control of a plant pathogen in the U.S.A. It earned John the distinction of a photograph in the outstanding monograph on 'The nature and practice of biological control of plant pathogens' published by R. James Cook and Kenneth F. Baker in 1983.
The control of F. annosus was the first direct use of an antagonist on a large scale in the biological control of an important pathogen. It remained the only success until Agrobacterium radiobacter was used to control crown gall caused by A. tumefaciens. A good many years after its early use, it remains an outstanding example of this much promoted but still poorly realized method of control.
John's successful development of control of F. annosus was the climax of his main line research on F. annosus. He then turned to research on another dangerous pathogen of trees, the basidiomycete Armillaria mellea.
Armillaria spp. -biology and control
Armillaria mellea the most important species of the genus in the U.K. is a common basidiomycete in old deciduous and mixed woodland and causes serious losses in first rotation conifers planted after hard woods, first after colonizing their stumps and then growing from them as rhizomorphs (resembling boot laces) which infect healthy roots of adjacent trees. Rishbeth found that samples from hardwood stumps produced many more rhizomorphs than did samples from conifer stumps and for much longer after felling (even for 40 years) whereas prolonged growth of A. mellea in pine stumps decreased production. Other fungi competed more successfully with A. mellea in conifer than in hardwood stumps. Colonization of samples of wood from stems or stumps varied greatly with tree species, increased with numbers of spores in inocula, with water content and temperature. Adding certain proteolytic bacteria to inocula decreased colonization but a number of fungi which are primary colonizers of stumps had little effect. Nevertheless he examined the use of such fungi in the control of A. mellea. He found that application of ammonium sulphamate to stumps immediately after felling trees of a number of hardwood species enhanced colonization by certain wood-rotting fungi able to compete successfully with A. mellea. But treatment with 2,4,5-trichlorophenoxyacetic acid, a herbicide commonly used to prevent regrowth from stumps, increased colonization by mellea. Promising control of A. mellea was obtained by applying basidiospores of selected wood-rotting fungi to ammonium sulphamate treated stumps but the treatment was not economic other than in high value crops or in intensively managed areas such as parks.
In colonizing stumps in first rotation sites, A. mellea was least able to spread by rhizomorphs, the related species A. bulbosa was best able with A. obscura intermediate. A. mellea had the widest host range causing disease in many broadleaved trees and in some conifers.
Conifer trees usually produce resin in response to damage including that caused by infection. Rates of response affected rates of colonization by species of Armillaria and could be an effective defence mechanism. So could the production of secondary periderm in broadleaved trees in isolating infected from healthy wood. He also showed how resistance to infection was affected by suppression of growth, by the position of trees in stands, by competition for water and light, and that it increased with age of trees. Resistance differed between species of trees and differed still more with genera. Certain volatile components of resin were toxic to A. mellea in culture and toxic phenolics which accumulate in heartwood probably account for its high resistance to colonization.
In extensive studies in first rotation plantings of oak/beech in former arable or heathland sides, infection foci were associated with A. mellea which had colonized stumps of thinned trees after infection most probably by air-borne basidiospores, and with many years between infection and production of rhizomorphs. A. mellea, A. ostoyea and A. bulbosa but not A. tabescens infected heavily suppressed, inoculated oaks but only A. mellea infected sub dominant trees. The same three species infected suppressed Scots pine but only A. ostoyae infected sub-dominant trees. Infection and colonization of stump roots of oak by A. mellea remained limited unless roots were weakened by severing from stumps. Surveys showed that stumps of different species of conifers were colonized to different extents by species of Armillaria. Mating tests were used to study the distribution of four species of Armillaria on host trees in S.E. England. A. mellea and A. ostoyea were highly pathogenic, A. mellea on a wide variety of broad leaved trees whereas A. ostoyea occurred mainly on species of conifer, A. bulbosa was much less pathogenic and mainly on weakened trees and A. tabescens was much less common and then in broad leaved stumps as a weak pathogen. In ancient broad leaved woodland regularly coppiced over 700 years, A. mellea and A. bulbosa were common, A. tabescens was frequent and A. ostoyae and A. cepistipes were only local. There were many genotypes within each species which suggested independent entries by air-borne spores. The largest focus of A. gallica occupied ca. 9 ha and was estimated as over 500 years old. But the productivity of these coppiced woodlands was little decreased by disease caused by these species o f Armillaria; the pathogens rarely killed large trees, or even the copice shoots.
In 1970, Rishbeth visited Sao Tome to report on damage to cacao caused by A. mellea. Outbreaks generally started from stumps of shade trees infected after felling or killing; living trees were resistant. A. mellea spread rapidly at up to 5 m a year in cacao plantations although there were no rhizomorphs in the soil probably because of high temperatures and poor aeration. Trenching was generally effective in limiting spread of the pathogen from infected trees; he also advocated other methods in light of his experience in the U.K. such as treating stumps with ammonium sulphamate Rishbeth's high reputation stands very largely on his research on soil-borne pathogens of forest trees. But early in his career, he also worked successfully on another disease caused by a soil-borne pathogen, of bananas and very different in almost all respects from the diseases of forest trees caused by fungi such as F. annosus.
Fusarium wilt o f bananas
The fungus Fusarium oxysporum f. sp. cubense has caused and retains the potential to cause devastating losses of bananas almost everywhere when susceptible cultivars are grown over large areas, and particularly in commercial plantations. It is soil-borne, infecting plants through roots from which it spreads systemically to cause a characteristic wilt usually followed by death of the plant. It is particularly serious on certain cultivars especially the highly prized 'Gros Michel' for long the most important banana for export. The common name 'Panama wilt' derives from its early importance in Panama. When John started his research after leaving Cambridge in 1951, Panama wilt had been very serious in the Caribbean, and potentially devastating in Jamaica where he was to work under the West Indian Banana Research Scheme inaugurated in 1947 for research on control of the disease in Gros Michel and for the breeding of new, resistant cultivars. John was in the Caribbean for only three years, but nevertheless completed an impressive body of research on the biology and control of the disease, which was the more impressive because the many components of this disease were and still are notoriously difficult to investigate. Thus, it is difficult to isolate from soil and to distinguish from saprophytic F. oxysporum. This problem was solved by using small plants in pots as specific baits for the pathogen and thus it was shown that it survived only for short periods in infected plant material but otherwise persisted for many years in soil with populations declining rapidly after infected plants had been removed. The ratio of pathogenic to non-pathogenic F. oxysporum varied widely in soils; usually it was very low. First infections were usually through rootlets from which the pathogen passed into rhizomes then becoming systemic in shoots. Dead roots were not infected probably because of competition from other fungi. He analysed the progress of disease in plantations and dispersal of the pathogen from infected plants particularly by flooding. He found that the disease was widespread in Jamaica and that plantations of Gros Michel had remained free from disease only on well drained and aerated, medium to heavy textured soils, rich in potash and free from flooding. In contrast, disease was severe on acid, poorly drained, light-textured soils, poor in nutrients. Excessive amounts of nitrogenous fertilizer increased susceptibility probably by decreasing the frequency and scale of defence responses at the bases of roots. Such responses were more effective in resistant Cavendish, in roots of which the pathogen grew more slowly than in roots of Gros Michel. Cavendish plants also recovered after infection whereas in Gros Michel the disease continued to increase. At the time of his research, it was uncertain as to whether resistant Lacatan could replace Gros Michel so other methods of control were still being sought. But none was found that would have been practical on a large scale. Thus the pathogen was not satisfactorily eliminated from soils by a variety of fumigants, flood-fallowing used with some success elsewhere was not practicable in Jamaica, and incidence of wilt was not decreased by applying lime, phosphate and potash despite the evidence from field work that the disease was less severe in potash rich soils. Supplements of organic materials also were ineffective; application of nitrogen often increased disease. From these failures, John concluded that control of disease on highly susceptible Gros Michel would have to depend on excluding the pathogen from plantations still free from disease. Otherwise control of the disease in Jamaica would depend on the breeding, selection and use of resistant cultivars and on growing the new cultivars in sites and under conditions in which their resistance would be maintained. F i n a l s e c t i o n John was essentially independent in his research sharing authorship in only one of his research papers. His research was notable and distinctive in recognizing the crucial role of diseases in plant communities in woodlands, and in focusing on the complex interactions between trees, their pathogens and other micro-organisms, and the environment. Then, in collaboration with members of the Forestry Commission, he exploited the science for the effective control of potentially devastating tree diseases, particularly by developing one of the first commercial products for biological control of an important plant disease. John could not have achieved so much independently had he not been so well organized and continuously dedicated in his research. There were other interests, as a good tennis player, a life member of the University Rugby Club, a member of a number of good choirs with a fine bass/baritone voice, an enthusiastic gardener and a keen stamp collector. Those who have written to me about him, particularly from his College, praised his good company, his kindness and consideration of others with never a hint of malice or jealousy, his perceptive judgements of science and people but his reluctance to reveal them, the liberality of his views, and his meticulous politeness. In all, John was an exemplary scientist and an upright man.
